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ABSTRACT 


Jr  Q  £  >  >  ■'  •,  -*i 


£  iaultane  us;  t  servat  i  ns  f  f  ield-aligned  currents  (FAC)  and 
iur  ral  kiiumetric  radiation  AKR  are  ootnjared  from  the  polar  orbiting 
ntelliter.  Triad  and  Haw  it  eye .  The  Triad  observations  were  restricted 
’  the  evening-to-nidnight  local  time  sector  (19  to  01  hours  magnetic 
.  -ai  time)  in  the  rthern  hemisphere.  This  is  the  region  where  it  is 
believed  the  -  st  intense  storms  of  AKR  originate.  The  Hawkeye  obser¬ 
ve  i  r.s  were  restricted  to  when  the  satellite  was  ir.  the  AKR  •emission  i 
■  r.e*  in  the  rthern  hemisphere  and  at  radial  distances  a  T  R./ (earth 
radii  to  avoid  local  paropagati  a  !ut  ff  effects.  A  \R/7  normal i- 

sat i . n  to  the  power  flux  measurements  f  the  ki loner  ric  radiation  from 
Hawkey e  is  used  t  take  into  account  the  radial  dependence  of  this  radi- 
a*  i  >r.  and  ‘  ale  all  intensity  measurements  such  that  they  are 

••••:  '  f  awkeye's  position  in  the  «ali  -  ne .  . nt .-grated 

field-aligned  current  intensities  from  Triad  are  determined  from  the 
:  .<>rvei  transverse  magne'ic  field  disturbances.  Statistically,  there 
is  a  »-  i  •  rrelati  :.  between  the  AKR  intensity  and  the  integrated  cur¬ 
rent  nee*  intent; ;  ‘  y  f  field-aligned  mrrents.  It  is  found  that  as 
the  intensity  of  auroral  kilonetric  radiation  increases  so  does  the 
integrated  aur  ral  zone  current  sheet  intensity  increase.  Statistically, 
the  linear  correlation  coefficient  between  the  log  of  the  AKR  power  flux 

and  the  log  of  the  current  sheet  intensity  is  0.57.  During  weak  AKR 
•*10  »2  •  1 

bursts  <  1  *  watts  m  Hi  )  Triad  always  observed  weak  FAC's 
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<  A  r.  *)  and  when  Triad  observed  large  FAC's  (a  0.6  A  m’ 1 )  the 
AKH  intensity  from  Hawkeye  was  moderately  intense  (10~‘  to  10_1"  watts 
•T-  intense  (>  1  watts  m  ‘Hz  It  appears  that  uuroral 

-  field-aligned  currents  may  play  an  important  role  in  the  generation 
r  amplification  of  auroral  kilooetric  radiation. 


INTO  AUCTION 


F  roc.  satellite  observation:  ,  intense  electromagnetic  radiation  at 
k .  .  metric  wavelength::  has  been  found  to  escape  outward  from  the  Earth's 
auroral  .-.  re.  This  raiiar:  n  has  been  called  auroral  kilometrie  cadi¬ 
s' :  r.  or  AKK  3ince  a  con:  iderable  amount  of  evidence  indicates  that  it 
is  generated  by  auroral  particle  j  rec  ipitation  durii.g  the  geomagnetic 
subatoras.  Auroral  kilometrie  radiation  has  been  found  by  many  authors 
[Dur.okel  et  al .  ,  1970;  Ournett,  197^;  Kaiser  and  Alexander,  1977;  and 
•  ts  et  al .  ,  1977!  *o  be  associated  with  the  auroral  electrojet  current 
that  flows  parallel  to  the  Ear’ h  at  auroral  zone  latitudes  in  the  iono- 
here .  But,  what  is  really  needed  is  to  determine  the  relationship 
between  the  intensity  of  auroral  kilometrie  radiation  and  the  field- 
aligned  currents  FA1’)  flowing  along  the  geomagnetic  field  into  and  out 
f  *  he  aur  rai  zone  since  auroral  kilometrie  radiation  has  recently  been 
rrelated  with  fast  streams  of  precipitating  auroral  electrons  [Green 
et  al . ,  1979t j.  This  relationship  may  be  helpful  in  developing  a  better 
•understanding  of  how  aur  ral  kilometrie  radiation  is  generated  and  the 
r  le  it  plays  in  the  dynamics  of  magnetospher ic  substorms.  In  addition, 
if  auroral  kilometrie  radiation  is  correlated  with  auroral  zone  field- 
aligned  currents  an  important  link  may  be  established  between  the  Io 
enhanced  Jovian  decaaetric  emissions  and  field-aligned  currents  which 
are  believed  to  exist  between  Io  and  Jupiter  since  it  is  widely  held 


trial  auroral  kiiometric  radiation  is  the  terrestrial  counterjart  to 
•he  Jovian  deeametric  emissions. 

The  jurpose  of  this  paper  is  to  show  the  relationship  between  the 
power  flux  of  auroral  kiiometric  radiation  observed  by  the  eccentric 
rtiting  Haw key e  spacecraft  and  field-aligned  currents  deduced  from  the 
magnetometer  measurements  of  the  low  altitude  polar  orbiting  Triad  space- 
:raf'.  .  .’he  Triad  magnetometer  experiment  lias  been  described  by  Armstrong 
and  .jiutn  . ’  i ,  ,  ar.d  trie  Hawkey e  plasma  and  radio  wave  experiment  has 
teen  described  by  Kurth  et  al.  [1975]. 


mamm 
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II.  OBSERVATION  OK  FIELD- ALIGNED  CURRENTS  FROM  TRIAD 

1'he  field-aligned  current :*■  used  in  this  study  are  determined  fr om 
tr. axial  fluxga*.  e  magnetometer  smsurrarnts  taken  by  the  Triad  sj*ace- 
rti!''  ver  \  liege,  Alaska.  Launched  on  September  2,  1972,  into  a 
•ire alar  ;<-ar  rblt  f  :  km  altitude.  Triad  is  gravity  gradient 

■ai:.. zed,  and  thus,  has  a  spin  period  of  one  revolution  per  orbit, 
r  ver.  t .  da..  Triad  i.  suoueo  fully  transmitting  data  to  ground  stations. 

1  he  determination  of  field-aligned  currents  f roc  Triad  magnetometer 
data  is  illustrated  in  Figure  1.  The  right-hand  side  is  a  plot  of  the 
measured  amt  lent  field  . B  )  for  the  three  sensors  A,  B,  and  Z  on  the 
.space -raft  minus  a  theoretical  geomagnetic  model  field  (fc_,  IGRF  1965. 0 
updated  ’  time  of  data  as  a  function  of  time  for  day  78  of  1975.  The 
vertical  axis  for  each  pane’  n  the  right  side  of  Figure  1  is  plotted 
ir.  units  of  gtumas  and  covers  a  range  of  1000Y.  The  magnetometer  onboard 
Trial  measures  ambient  magnetic  fields  to  a  resolution  of  12y.  In  the 
three  panels  r.  the  right-hand  side  of  Figure  1,  deviations  of  8^-B^  from 
Y  are  iu-'  *o  ureer.  such  as  field-aligned  currents,  spacecraft  bias 
fields,  Inaccuracies  in  the  model  field,  and  slow  deviations  of  the 
space-raft  altitude  from  a  nominal  position.  The  principal  oscillations 
f  the  pendu.ua- shaped  Triad  satellite  have  been  identified,  and  a 
method  has  been  recently  developed  to  remove  the  associated  variations 
in  the  magnetometer  la*  a  .  Tus'afsson  et  a]  .  ,  1*379]. 


Field-aligned  currents  jroduce  obvious  deviations  free:  a  baseline 

f  rat-i  by  bM-B^  as  easily  see:,  in  the  A  panel  of  Figure  1  from  25820  to 

.  t '  seconds  universal  time.  Lit’le  or  no  deflection  in  B  -B  due  to 

M  T 

field-aligned  currents  i.  seen  in  the  B  or  Z  panels  which  aids  in  the 

identification  of  this  source  as  a:,  external  current.  The  orientation 

:  the  current  sheets  with  respect  to  the  spacecraft  is  lelieved  to  be 

the  reason  that  the  deflection  from  the  baseline  of  B  -B_  was  almost 

M  T 

entirely  seen  i:.  the  A  panel  (see  below! .  The  magnetic  perturbations  in 
■he  A  panel  of  Figure  1  from  1 581*0  t.  25070  seconds  and  from  25915  to 
'  .  seconds  are  due  to  two  east-west  current  sheets  flowing  out  of 

and  into  the  aur  ra.  ionosp:h<re,  respectively. 

The  orientation  f  the  three  magnetometer  sensors  onboard  Triad 
i s  illustrated  on  the  left  side  of  Figure  1.  The  A  and  B  sensors  are 
both  horizontal  with  respect  to  the  ground  and  are  90‘  apart.  The  B 
sensor  is  aounted  1*‘°  away  from  the  spacecraft  velocity  vector  (black 
arr  w  .  The  Z  sens  r  completes  the  orthogonal  coordinate  system  and 
$■  ints  anti-parallel  to  the  geomagnetic  field  vector  at  auroral  zone 
.ati’udes  in  the  northern  hemisphere.  When  Triad  is  tracked  by  the 
loilege,  Alaska  stati  n,  the  horizontal  A  sensor  measures  the  component 
f  the  ambient  r.agne*  ic  field  that  points  nearly  along  constant  invariant 
1  at  i  *  ude .  Field-aligned  current  sheets  oriented  along  constant  iiivariar.t 
latitude  would,  therefore,  produce  magnetic  disturbances  predominately 
in  the  A  sensor.  This  can  easily  be  seen  by  applying  Ampere’s  law  to 

a  field-aligned  current  sheet.  Using  a  coordinate  system  whose  unit 

*  *  * 

vectors  X,  Y,  -Z)  are  in  the  direction  of  the  Triad  magnetometer  sensors 
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1-,  A,  Z)  a  field- aligned  current  sheet  of  thickness  dx  and  infinite 

length  in  ?  direction)  has  a  current  J  where 


and  is  the  magnetic  field  of  the  current. 
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where  AB  is  measured  in  gammas  and  is  the  magnetic  deflection  from  the 
baseline  formed  by  in  the  A  panel  of  Figure  1  and  J  is  the  integrated 

■urrent  across  the  sheet  current.  From  Figure  1  panel  A,  Ai-  ■  3V  or 
J  ■  ,?7  A  s. 

Triad  magnetometer  measurements  enable:  lijima  and  Potemra  [1976] 
to  determine  a  magnetic  local  time  and  invariant  latitude  summary  of  the 
large  scale  field-aligned  currents  flowing  into  arid  out  of  the  ionosphere. 
Figure  .  illustrates  the  auroral  zone  current  system  during  weakly  dis- 
turbed  time:  from  lijima  and  Potemra  ] 1976  ]  .  Note  that  in  Figure  2 
field-aligned  currents  are  observed  at  all  magnetic  local  times  and  tha* 
the  • urrent  sheets  are  rlented  nearly  ai . ng  constant  invariant  latitude. 

In  •  :. tract,  the  intense  auroral  kilometric  radiation  is  believed  to  be 
generated  on  the  nightside  between  19  and  01  hours  magnetic  local  time 
see  crossed-hatched  lines  in  Figure  2)  and  in  the  auroral  zone  near 
invariant  latitude  see  for  example  Alexander  and  Kaiser,  1976; 
lallagher  and  carnet • ,  1976]. 

,'cveral  'haracter 1st i cs  diet .nguish  the  field-aligned  currents  in 
the  iiarang  discontinuity  sector  .  0-2^00  M’.T)  from  those  observed  at 

ther  local  *  imes  see  lijima  and  Potemra  [1978]  and  Rostoker  et  al . 

]197:-]  .  During  undisturbed  periods,  the  field-aligned  current  flow  is 
ofer.  characterised  by  three  basic  overlapping  regions.  Namely,  a 
region  of  current  flow  away  from  the  auroral  ionosphere  surrounded  to 
the  poleward  and  equatorvard  sides  by  regions  of  current  flow  into  the 
ir.  r;here.  During  disturbed  periods,  for  example  substorms ,  the  field- 
ai.gr.ed  currents  are  highly  variable  and  develop  complicated  features. 


LO 


Muit.;ie  current,  sheets  develop  in  this  sector  and  pairs  of  field- 
aligned  currents  appear  at  higher  latitudes  separated  fro®  the  large- 
: caie  syster.  to  the  south.  These  characteristics  are  closely  related 
to  the  development  of  the  westward  electro^et  in  this  sector.  For  the 
purposes  of  this  study  only  the  Triad  aeasureaents  from  19  hours  to 
-  hour  magnetic  local  time  will  be  used  since  this  is  the  region  where 
the  most  intense  Xiiometric  radiation  is  generated  and  the  most  compli¬ 
cated  pattern  of  field-aligned  currents  are  found. 


n 


akr  thSKRVATi  :.r  from  kawkkvk 

The  Hawkeye  ja-.-eeraft  provided  observations  of  aurora.*  kilometric 
radiation  ■  ; er  52- hour  orbit  from  launch  on  June  3,  1971, 

1  it  reentered  the  at.-,  sphere  n  A j  r  1 1  j8,  1-76.  Hawkey e  was  in  a 
highly  eccentric  earth  mbit  f  about  89°  inclination  with  a r.  apogee 
rai.al  distance  f  :. early  ..  )■ .  earth  radii  in  the  northern  hemisphere. 
:!.<•  angular  ii  trifcution  f  auroral  kllom-tric  radiation  at  178  kHz  was 
ietermined  by  ureer;  et  a! .  [1977]  free  Hawkeye  electric  field  obaerva- 

•  .  .  The  back  shading  in  Figure  ••  of  ireen  et  ai.  [1977],  termed 

•  AKH  emission  •  ne,  i  *  he  region  f  magnetic  .a'itude  and  magnetic 
1  a.  •  ir.e  wr.er-  Hawkeye  has  the  highest  probability  of  observing 

sur  ra.  kil  me*ri;  radiation  if  it  is  being  generated.  The  simultaneous 
!  serrations,  med  in  this  st  idy  are  selected  from  the  times  whet; 

Hawkeye  i3  in  the  AKR  e-i.;aion  cor.e  at  radial  distances  »  7  F.  (to  avoid 
.  a  .  ;r  ;>aga*  .  r.  it  ff  effects ,  see  Ireen  et  ai  .  '197"’])  and  when 
Trial  is  in  the  auroral  oval  froer.  19  hours  to  01  hour  magnetic  local 
•‘.me  in  the  northern  hemisphere. 


IV.  A  C  RRKLATION  BETWEEN  AURORAL  KIUXETRIC 
RADI  ATI C  N  AM  FI  Eli)- ALIGNED  URRENTL’ 

bc.veet;  the  ;er:  i  .’une,  !<’•.,  to  August,  19’’*',  there  were  .57 
r.ad  auroral  tone  pas  •<•:  meeting  the  criterion  out  lined  in  the  jrevlous 
s'"’  .  r.  while  Hnwkeye  wn.  in  the  AKP  emission  cone.  Lome  typical  simul- 
tane  is  measurement  fr  c.  Hawkey e  and  Triad  are  illustrated  in  Figure  3. 

The  *  ;  pane 1  f  Figure  3  shows  electric  field  intensities  in  units  of 
:•  w?-r  e.;Ax  at  17s  kilt  fr  -  the  p  1  a  arm  wave  instrument  onboard  Hawkey  e. 

Ail  tb.e  raiic  enia3ion  above  the  receiver  noise  level  is  attributed  to 
nur  rii.  k  .  .  metric  ratin';  L  isul  taneous  magnetic  field  ibservat i 

sale  by  the  Trial  spacecraft  during  four  consecutive  passes  through  the 
aur  ral  z  >ne  .n  the  r.  rthern  hers  1  sphere  at  about  23  hours  magnetic  local 
•  w  the  panel  urktd  A,  Bt  Ct  and  D.  hs  fitld 

measurements  are  from  the  A  sensor  onboard  Trial  and  are  plotted  in 
•eras  f  AH  lev l at  ion  fr.*  the  baseline  formed  by  b  -Bm.  The  A  panel 
illustrates  *ha*  the  Triad  pans  through  the  auroral  zone  shows  little 
evidence  3f  east-west  field-aligned  current  sheets.  The  maximum  levl- 
a' i  r.  «eurs  a'  about  08l'  :  .3  UT  with  AB  m  My.  Simultaneously,  the 
Hawkeye  plasma  wave  experiment  does  not  detect  auroral  kilumetric  radi¬ 
ation  see  arrow  labeled  A  in  the  top  panel  of  Figure  3).  Approximately 
ninety  minutes  later  on  the  next  pass  through  the  auroral  oval  in  the 
northern  hemisphere  the  Triad  magnetometer  experiment  revealed  an  extremely 
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•  rr.p  1  icated  S'..  . t  «*r.  of  -a.  t-west  fi.-ld-al  igr.ed  current  sheets  which  is 
a  typical  Triad  tbservat lu»  in  this  magnetic  local  time  sector  (see 
>-’ion  II  .  The  Integrate!  current  across  the  major  current  sheet 

•  •  fT)  of  the  Triad  pass  in  the  B  panel  is  0.r> 2  Amps/m.  Mean- 
whilt  ,  erred  e  aur  ral  Ulowtrlc  radiation  from  its 

}••  •  n  in  the  emits.  r.e  of  a. re  than  10~  watts/(m‘  Ht)  (see  arrow 

labeled  F  in  the  *  ;  ;  ar.el  f  Figure  3  .  lane.u  C  an!  D  of  Figure  3 
a.-  indicate  ■  >*x  ea  • -we;  •  current  sheets  ir.  the  auroral  oval  as 

cm  in  '  hear  jerturtati  in  the  geomagnetic  field.  In  both  cases 
intense  t  ur  '  f  aurora,  kilometric  radiation  are  detected  by  the 
Hawk eye  plasma  wave  exp  erimer.t  slmultar.e  usly  a  pointed  to  by  the  C 
and  :  arr  w  .r.  •  he  *  p  pianel  f  Figure  s.  The  Integrated  current 
Infer.-,  ity  f  the  f  .e;  d-al  igr.ed  urren'  sheets  at  13.  'IT  in  panel  D 

Figure  nearly  .  Ar.p  r  while  the  AKF  power  flux,  the  largest 

- 1 2 

b served  f  r  *hi  •  Ic*-  per;  1,  war  greater  than  1  *  watts/(a  Hz). 

-  .  tent  with  the  1m  that  Intel  •  aur  ral  soae  flald- 

a.  .  gned  -urren*  are  rr»;v  e  «  with  intense  bursts  of  auroral  hi  lometric 
radiation. 

pr  vile  a  qualitative  evaluati  of  the  relationship  between 
aur  ral  r. .  1  r.-'r  i-  radiat.  r.  and  field-aligned  currents.  Figure  *.  is 
a  nca**er  p .  .t  cf  simult  ar.e  us  three-minute  average  AKF  power  flux 
measurements  a*  1 kiiz  versus  the  integra*ed  current  intensity  across 
the  largest  ’urren*  shee* s  observed  on  each  Triad  pass.  A  three  minute 
average  of  the  electric  field  measurements  from  Havkeye  takes  into 
account  any  spin  m  Julatlon  effect  and  gives  a  power  flux  determination 


:  n  •  isr  scale  .'oc:i«rtibl«-  '  t he  complete  -ri  using  uf  Trial  across 


• .  ;.r  aor  ral  ;  nr.  1  taxe  acci unt  the  radial  lependence  cf  auroral 

•:  •  rad  ati  ,  a  ’  R_)  nomal  i  zat  ion  Is  applied  to  the 

average  j  ver  flax  measurements.  The  H  variable  is  the  distance  from 
the  atelilte  • .  the  average  source  region  of  auroral  kllometric  radi- 
*•  i  n  along  a  ”  invariant  latitude  magnetic  field  line  at 

•t  magnetic  local  time  .f  T  •;  h  urr>  in  agreement  with  '.allagher  and  Gurnet  t 
1  »"  ‘  .  The  triangle:  in  figure  U  are  the  times  when  auroral  kilometrlc 
rnlia’  .  was  n  t  detected  by  Hawkeye  above  the  receiver's  noise  level 
and  represe:.’  a:,  uj  p  er  iisi'.  A  c  rrelatlon  can  be  seer,  which  Is,  as 
the  AKH  power  flux  increases  so  does  the  integrated  current  intensity 
::.T'--t  :.e.  •  a*  . .  *  .  a .  iy  ,  'he  linear  correlation  coefficient  of  the  log 

f  *  he  j  ver  flux  ver:..  the  1  g  of  the  integrated  current  intensity  is 
.  V," .  A  random  errer  analysis  produces  a  probability  of  less  than  10~  S 
btair.ing  *  hr  .*  '  •  rrelatlon  coefficient  from  an  uncorrelated  parent 
•  .  trat  ng  th<  Lav*]  I  nfldcoc*  for  this  correlation. 

a  Q  ej 

fr  r.  figure  ,  vurn  ‘he  AKF  ;•  wer  f  1  -x  war  weak  ,<  1  *  watts/(m‘  Hx) ) 

the  integrate!  -urren*  intensity  was  leer  than  .  Ampr  m  while  for 
integrated  •  urront  intensities:  greater  than  0.6  Amp  s  m  the  AKh  power 
flux  was  moderately  intense  110  1  to  1C  *  *  vattslm'Hz))  to  very 
intense  >  T  *  watts  m'Hzi).  The  correlation  in  figure  U  indicates 
tha*  field-aligned  currents  may  play  an  important  role  in  the  generation 
f  auroral  kilonetric  radiation  since  the  currents  are  always  observed 
in  the  auroral  zone  when  Hawkeye  observes  AKF . 


Pci-SIBLK  ■'  ’JK.'K  V  SCATTER  IN  THE  CORRELATION 


BET-TEN  AKR  AN!  FIELD-ALIGNED  CURRENTS 

Several  oour.-e.  of  uncertainty  and  fluctuations  could  have  con¬ 
tributed  t  the  a*‘er  :r.  Figure  -  which  we  will  presently  discuss. 

A  detailed  study  f  the  distribution  of  Intensity  in  the  AKh  emission 
:>e  at  17"  kHz  by  ireen  et  al .  [19’Na]  revealed  that  in  a  coordinate 
system  with  the  average  source  region  of  AKR  used  in  this  study  at 

•  •  r  •.  gin,  \  ur:  •  •  f  aur  ra.  X:  1  «e*  ric  radiation  uniformly  illuminate 
the  A-  eaiasi  n  "one  *  within  ouch  less  than  1  dl  .  Therefore,  the 

■a**er  in  Figure  •«  due  t  *  he  position  of  liawkeye  in  the  AKR  emission 

•  ne  1 3  expected  •  be  less  than  1  db .  Kaiser  and  Alexander  [ 1077] 

f  und  that  the  peak  in  the  emission  spectrum  of  auroral  kilcxnetrie  radi¬ 
al  i  r.  decrease:-,  with  Increasing  AE.  Since  the  178  kHz  channel  on 
ravr.eye  is  near  *  he  average  spectra,  peak,  rhangeo  in  the  p>eax  frequency 
ill  pr>-  lu--e  an  increase  ir.  *  he  observed  power  flux.  The  enhancement 
a*  T“  kliz  d-.e  this  effect  could  produce  a  maximum  increase  of  less 

t  i  ■  f  scatter  In  Figure  U  is  due 

•  using  global  power  flux  versus  j  int  (field-aligned  currents) 

-»a --urer-.er.t  .  Trial  any  given  pass,  thr  ugh  the  nighttime 

aur  ral  oval  a:  nearly  constant  local  time  and  it  is  certain  that  Triad 
will  t.  t  always  observe  the  most  intense  part  of  the  pre-midnight  field- 
al igned  current  system.  Kawkeye,  however,  from  its  position  in  the  AKP 


it 


emiss  ion  cone  observes  an  integrated  power  flux  of  aurorai  niiometric 

radiation  from  the  entire  evening  active  auroral  region.  Global  versus 

5  in*  aeasurenents  could  easily  j reduce  the  scatter  in  Figure  U  since 

"any  Intense  bursts  of  auroral  Xilometric  radiation  (>li”  vatts/m^Ht)) 

vc xld  then  be  associated  with  relatively  snail  field-aligned  currents 

<  .  *  A/m  ,  but  there  are  no  cases  of  intense  field-aligned  currents 

—  i  * 

t>  A/a  i  associated  with  wear.  (<  10  *  watts/(m  Hi)  auroral  Xilometric 
bursts.  Despite  the  relatively  low  linear  correlation  coefficient  (0.57) 
from  the  present  discuss  on  of  the  sources  of  scatter  in  Figure  U  it  is 
tv;  us  that  *  *  ■*  correlation  between  auroral  Xiloaetric  and  pre-midnight 
field-aligned  -amenta  is  relatively  good. 
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VI.  DISCUSSION 

it  Is  insert  ant  to  speculate  on  the  role  which  field-aligned  currents 
night  play  in  the  generation  and  possible  amplification  of  auroral  kilo- 
metric  radiation  as  suggested  by  Figure  U.  One  direct  relationship  is 
that  field-aligned  currents  are  probably  bringing  into  the  AKB  source 
region  the  particles  or  current  whose  energy,  at  least  in  ;«rt ,  is  con¬ 
verted  into  the  kiiometric  radiation.  Increases  in  the  Integrated  cur¬ 
rent  intensities'  f  field-aligned  currents  may  be  due  to  progressively 
larger  and  larger  particle  fluxei  it  p  r  greet  lively  higher  velocities. 

1‘incc  Triad  doe:,  n  *  have  a  p>artlcle  experiment  onboard,  the  energies 
and  fluxes  of  the  actual  precipitating  magnet oopheric  particles  and 
upgolng  cut  of  the  ionosphere)  ionospheric  particles  making  up  the 
field-aligned  currents  b served  are  not  known.  There  are  only  a  few 
examples  f  the  simultaneous  observation  of  field-aligned  currents  and 
particle  measurements  in  the  literature.  The  basic  result  from  these 
studies  'see  for  example  Casserly  and  Cloutier,  1975]  is  that  the 
particle  fluxes.  In  the  energy  range  of  the  particle  detectors  flowr., 
typically  1.5  to  >20  keV)  usually  account  for  only  20%  or  less  of  the 
inferred  current  deduced  from  the  accompanying  magnetometer  data.  This 
result  implies  that  the  majority  of  the  current  carriers  are  particles 
at  low  energies  (<  0.5  keV).  The  examples  given  in  the  literature, 


however,  are  usually  preliminary  and  may  not  reflect  the  true  nature  of 


lb 


the  current  carriers  ir.  field-aligned  current  used  in  this  study  since 
t  :;e  .  .  rr.ul  t  a:. tv  u:  current  and  particle  observations  are  not  always  from 
the  magnetic  1-cal  times  19  to  01  hours. 

A  recent  study  by  Green  et  ai .  [1979b]  indicates  that  auroral 
K;.  metric  radiation  is  rreiated  with  high,  velocity  energies  from 
.  •  1  '  neV ,  electron  precipitations  in  the  pre-nidnight  auroral  zone 

it:,  wn  a.  inverted-’.'  events.  However,  if  the  majority  of  the  field- 
aligr.ed  currents  observed  by  Triad  are  carried  by  low  energy  particles 
then  the  c  rrelatlon  between  AKB  and  field-aligned  currents  as  shown 
in  Figure  -  may  indicate  more  of  an  indirect  relationship.  For  example, 
'urrent  ir.st  at  i  1 ;  t  ;  »*:  producing  low  frequency  wave  turl  ulence  such  ar 
■  •  ■  t  r  .*•»•;*  i  *  r  wav-  r  ion  acoustic  waves  in  the  aur  ral 

c.ne  have  been  ;  stulated  by  Kindel  and  Kennel  [1971;.  Kintner  et  al . 

.  iu  *••  [  have  b  serve  i  intense  elec  t  ros  t  at  ic  ion  cyclotron  waves  { ■*-  25  mV/tr. 
a*  IT  Hz  with  the  1’  3- 1  spacecraft  near  20  hours  magnetic  local  time 
a*  an  altitude  f  ver  6,  Kilometers  in  the  auroral  zone  and  found 
then  •  be  .- >nsister.‘  with  *  he  current  driven  model  proposed  by  Kindel 
and  Kennel  Ti  T  .  Ion  heating  due  to  electrostatic  ion  cyclotron  tur¬ 
bulence  :.an  beer,  or,  vr.  ■ ;,e  reticaily  by  Falmadesso  et  ai .  [197M  to 
pr  due e  ar.  ma.  is  resistivity  and,  thus,  field-aligned  potential  drops. 
Field-aligned  p  ‘entlai  dr  ps  or  parallel  electric  fields  are  generally 
believed  to  be  responsible  for  the  formation  and  acceleration  of 
inverted-V  electron  precipitation  events  which  may  be  in  some  way  be 
responsible  for  the  generation  or  amplification  of  auroral  Kilometric 
radiation  ;see  Green  et  al .  [1979b)).  Thus,  Figure  U  may  be 


:ll  ... rat  ing  that,  increasing  f.eld-al  igned  current  Intensity  increases 
the  growth  of  the  electrostatic  ion  cyclotron  wave3  enhancing  anomalous 
res.  tivity  which  leads  to  parallel  electric  fields  and  the  production  of 
inverted-V  events  associated  with  auroral  kilonetric  radiation.  This  is 
a  ruther  ilea.iced  interpretation  since  the  process  of  producing  field- 
al.gnel  i  ter.tia!  drop;  from  anomolous  resistivity  is  not  related  simply 
the  urrer.’  intensity.  Double  layers  and  electrostatic  shocks,  which 
•i.  ;r  luce  f : e . d-al lgr.ed  potential  drops  can  be  established  by  a  cur- 
r*-n*  ab  ve  a  "ertain  threshold.  However,  the  magnitude  of  the  field- 
aligned  potential  dr  p  >  C. r  inverted-V  acceleration)  in  a  double  layer 
r  ele -trostat ic  c.liock  is  determined  not  from  the  .ntensity  of  the  cur- 
rent  but  fr  -  the  external  generator  such  as  the  magnetospher ic  tail 
see  f  r  exam; le  the  review  by  Goerti  [1979]).  From  these  general  con¬ 
siderations  f  acceierar ing  mechanisms  it  is  clear  that  the  relationship 
between  aurral  kilonetric  radiation  with  f ield-al igr.ed  currents  may  be 
extremely  complicated. 

There  are,  in  addition  to  the  quantitative  results  of  Figure  1* , 
qualitative  feature-;  of  auroral  Kilonetric  radiation  and  field-aligned 
currents  which  ier.erve  mention.  The  conditions  which  leal  to  the  gen¬ 
eration  of  auroral  kilonetric  radiation  must  be  easily  net  since,  when 
Hawkeye  Is  in  the  AXR  "mission  cone,  auroral  kilonetric  radiation  is 
detected  above  the  receiver  noise  level  nearly  90?  of  the  time. 

Similarly,  Triad  observes  field-aligned  currents  as  a  permanent  feature 
of  the  auroral  tone.  As  easily  seen  in  panels  B,  C,  and  D  of  Figure  3 
either  much  structure  exists  In  the  separate  current  sheets  or  rapid 


tem;  ra.  variations  in  f ield-aligned  'urrcnta  exist  on  a  time  scale  of 


r  both.  The  quest  ior.  of  whether  field-aliened  currents  exhibit 
1  ’er.porai  f.  actuations  r  have  fine  structured  current  sheets  within 
■  .rre:.'  sheets  a:,  not  ir  discerned  with  the  single  Triad  spacecraft. 

interest  ;:.g  t«.  note,  however,  that  one  basic  characteristic  of 
i  .1  rn.  k:  .  metric  rad'.a*.  :.  is  that  rapid  fluctuations  in  the  intensity 
!'  radiati.n,  „ike  f  i»-l  d-al  igned  currents,  exists  or.  a  time  scale 

of  seconds  and  even  less  than  a  second  (see  Gurnett  et  al .  [1079]). 

In  summary ,  Figure  ••  illustrates  quantitatively  that  field-aligned 
•urrentr.  the  pre-aidnight  auroral  ione  are  correlated  with  auroral 
kilonetric  radiation  such  that  as  the  log  of  the  AKR  power  flux  increases 
s  d  es  the  1  g  of  the  integrated  current  intensity  increase.  It  is 
suggested  that  f leid-al igr.ed  currents  play  not  only  a  direct  role  in 
the  generation  of  AKR  tut  possibly  also  an  indirect  one  with  the  develop¬ 
ment  of  parallel  electric  fields  that  produce  ir.verted-V  electron  precipi¬ 
tation  which  has  also  beer,  associated  with  auroral  kilometric  radiation. 

It  is  clear  that  the  exact  relationship  between  AKR  ar.d  field-aligned 
auroral  currents  is  far  from  being  understood  ar.d  that  much  work  is 
n"eded  in  this  area. 
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FIGUJtt.  ’AFTIONS 


The  three  p  anels  (A,  b,  and  Z)  on  the  right-hand  side 
are  plots  :f  the  measured  ambient  magnetic  field  IB  ) 

r« 

from  the  triaxlal  sensors  inboard  Triad  minus  a  theore- 

•  leal  g<-  magnetic  fie.l  h_  in  units  of  gammas.  The 
large  perturbation  fr  m  the  baseline  formed  by  the  bu-B_ 
curve  in  the  A  panel  ii  attributed  to  two  east-west 
field-aligned  currrn*  sheets.  The  left-hand  side 
illustrates  the  rientation  of  the  A,  B,  and  Z  magnetic 
field  sens  r-  onb  ard  Triad  during  a  pass  over  College, 
Alas/'.a.  Tlie  direction  of  the  magnetic  field  sensors  is 

•  sed  in  le’eraining  the  orientation  cf  the  auroral  rone 
current  sheets . 

A  p  iar  pi  t  in  magnetic  local  time  and  invariant 
latitude  of  field-aligned  currents  observed  by  Triad 
during  weakly  disturbed  times  i|AI,|  <  1  lOy)  from  lijimn 
and  Potemra  [1976].  The  cr c  ssed-hatched  section  from 
Id  hours  to  01  hours  is  the  magnetic  local  time  region 
where  the  most  intense  bursts  of  AKB  are  believed  to 
originate.  Uote,  also  that  this  is  the  region  where 
the  most  complicated  auroral  rone  current  system  1b 
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f^und.  r.ly  Triad  magnetometer  measurements  inside  the 
crossed-hatched  region  will  be  used  in  this  study. 

Figure  j  Th*-  toj  ;anel  shows  electric  field  measurements  as  a  func¬ 

tion  f  tine  fro®  the  Kawkeye  satellite  while  it  is  in 
the  AKB  ets.ss.  r.  cone  during  four  r.se -utive  passes  of 
the  Triad  spacecraft  through  the  auroral  oval  in  the 

t*.  :.err.  hemisphere.  The  Triad  nagnet ooeter  measurements 
fr  m  the  A  sensor  }i  'ted  with  respect  to  the  baseline 
f  rased  ty  b  -B..  are  shown  in  the  bot  ton  janels  A,  b,  C, 
and  1.  \;*.e  that  when  Triad  observes  large  deflections 

in  the  magnet  1-  field  due  to  field-aligned  currents 
Havkeye  liervr:  intense  kllometrit  radiation  (tines  fc, 

C,  and  !  but  when  ilt*le  disturbances  in  the  auroral 
tones  are  found,  panel  A,  Hawkeye  does  not  ietect  AKB 
at  ve  the  receiver’s  threshold. 

Figure  Simultaneous  power  flux  aeasurements  of  AKB  at  178  kHz 

versus  the  integrated  current  intensity  of  auroral  zone 
field-aligned  currents.  A  >B/7  normal  1  zation  to 

the  power  flux  measurements  is  applied  to  take  into 
account  the  radial  dependence  of  this  radiation.  The  B 
variable  is  the  distance  fro®  the  satellite  to  the 
average  source  region  of  AKB  (see  text).  The  triangles 
represent  an  upper  limit  to  the  power  flux  since  the 
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kllometric  radiat  Ion  was  not  detected  at  thus.  tiir.*-s. 
A  correlation  can  be  seen  in  that,  as  the  {over  flux 
increases  so  does  the  integrated  current  intensity  of 
field-aligned  currents. 
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